A simple, direct and rapid ultraviolet spectrometric method was developed and validated for determination of sofosbuvir (SOF) in its tablets formulation. SOF was dissolved in methanol and measured in ultraviolet region at λmax of 260 nm. The linearity of the calibration curve was over the concentration range of 5 -100 μg/mL with a correlation coefficient of 0.999. The sensitivity was checked as the limit of detection and limit of quantification which were found to be 1.6 and 4.8 µg/mL respectively. The percentage recoveries of SOF, after extraction from its tablets, were ranged from 98.23 ± 1.04% -99.38 ± 0.40% with a relative standard division less than 2.0% indicating acceptable accuracy and precision of the developed method. Further studies of the accuracy and precision of the proposed method were performed using standard addition method; the mean quantitative recovery of such studies were found to be in the range 97.99 ± 0.32 to 99.69 ± 0.15 with RSD ≤ 2.0%. These levels of accuracy and precision obtained indicate suitability of the developed method for the quality control analysis of the SOF in its tablets formulation.
INTRODUCTION

Sofosbuvir, an isopropyl (2S)-2-[[[ (2R,3R,4R,5R)-5-(2,4-dioxopyrimidin-1-yl)
-4-fluoro-3-hydroxy-4-methyltetrahydrofuran-2-yl] methoxy-phenoxy-phosphoryl]amino] propanoate (SOF, Fig. 1 ) is a recent novel nucleotide derivative was described as a typical inhibitor of hepatitis C virus (HCV) (Summers et al., 2014) in Egypt. The discovery of this drug was considered as a promising new one for treatment of patients suffer from HCV. It is prodrug of 2'-deoxy-2'-fluoro-2'-Cmethyluridine monophosphate that is phosphorylated intracellularly to the active triphosphate form, which acts as an inhibitor of HCV non-structural 5B ribonucleic acid polymerase (Imran et al., 2013) . Chronic infection with HCV leads to liver cirrhosis, which in turn results in development of life-threatening complications, such as . hepatocellular carcinoma (Pan et al., 2016) . Before the discovery of SOF the treatment of HCV was achieved by interferon (Rong and Perelson, 2010) which are poorly tolerated by patients with cirrhosis and cause high rates of severe and serious adverse events, leading many patients to discontinue treatment with interferonbased regimens (Bourlière Marc et al., 2012 , Hézode Christophe et al., 2013 . Recently, SOF in combination with other medicinal products had been used for the treatment of chronic HCV in adults (European Medicines Agency., 2013) . Now SOF is available in tablets formulation with a content uniformity so important to be checked because the treatment with SOF is based mainly in its presence in an appropriate quantity in the body (Sovaldi, 2016) . To the best of our knowledge, no reported analytical or pharmacopoeia methods are available for determination of SOF in its tablets formulation. So far the reported methods available for the determination of SOF were used for bioequivalence studies of SOF in rat (Pan, Chen, 2016; Shi et al., 2015) and human (Rezk Mamdouh et al., 2016 , Rezk Mamdouh et al., 2015 plasma using ultra-performance liquid chromatography tandem mass spectrometry.
Therefore the objective of this work is to develop, for the first time, a new validated UV spectrometric method for simple, rapid and accurate determination of SOF its tablets formulation. 
EXPERIMENTAL
Materials and methods
Reference standard of SOF was kindly offered as a gift from Pharmaceutical Supervisory Board (Cairo, Egypt, batch NO. SF0320615). A simulated tablets of SOF were made as reported (sofosbuvir. Tablets); where the tablet core was made form mannitol, cellulose, colloidal anhydrous silica, magnesium stearate, and a tablet film-coating was made from polyvinyl alcohol, macrogol, talc, and iron oxide. Pharmaceutical tablets are commercially available in local market under the name of Sovaldi TM tablets were claimed to contain 400 mg SOF/tablet (Gilead Science, Inc. CA 94404 USA, batch NO. 619890461). All solvents and chemicals such as acetic anhydride, acetone, acetonitrile, amyl alcohol, benzene, carbon tetra-chloride, dichloroethane, dichloromethane, dimethyl formamide, dimethyl sulphoxide, 1,4-dioxane, ethanol, ethyl acetate, hexane, isopropanol, methanol, triethylamine, hydrochloric acid (HCl), sodium hydroxide (NaOH), cellulose, anhydrous silica, magnesium stearate, polyvinyl alcohol, macrogol, talc, and iron oxide were of analytical grade and were obtained from El-Nasr Chemical Co., (Cairo, Egypt). Absorbance measurements were made on double beam UV/visible spectrophotometers model 1601 (Shimadzu, Tokyo, Japan) with pairs of one-cm thickness matched quartz cells. Additionally, digital analytical balance (AG 29, Mettler Toledo, Glattbrugg, Switzerland) and MLW type thermostatically controlled water bath (Memmert GmbH, Schwabach, Germany) were also used throughout this work.
Preparation of reference solution
The reference stock solution of SOF (1 mg/mL) was prepared by dissolved an appropriate amount of its powder in methanol and stored for one week in the refrigerator at 4 o C without significant changes. The working solutions were prepared by an appropriate dilution of the stock solution with distilled water to cover the concentration range of the calibration curve (5 -100 μg/mL) and to prepare the quality control samples (QCs) at 5, 40 and 100 μg/mL.
Preparation of tablets (Sovaldi TM ) sample solution Twenty tablets of Sovaldi TM were weighed and finely powdered; a quantity of the powder equivalent to 100 mg of active ingredient was weighed and transferred into a beaker, treated with about 20 mL of chloroform. The contents of the beaker were swirled, sonicated for about 5 min, and then filtered into round bottom flask through a Whatmann No. 42 filter paper. The residue was further washed with about 5 × 3 mL of chloroform. The combined filtrate and washing were evaporated to dryness. The residue left was dissolved in appropriate volume of methanol and the resultant solution was further transferred to 100-mL calibrated volumetric flask and then completed to volume with the same solvent to give 1mg/mL of tablet sample stock solution.
General procedure
Different aliquots of the reference standard or sample solution were transferred into 10-mL calibrated volumetric flasks and after completed to the volume with distilled water, to obtain a final concentration of a concentration range of 5 -100 μg/mL, the absorbance of the resulting solutions was measured at λ max of 260 nm against a blank experiment treated similarly.
RESULTS AND DISCUSSION
Spectrophotometric standardization
To select the most appropriate diluting solvent; a working solutions at the QC concentration levels were diluted with acetic anhydride, acetone, acetonitrile, amyl alcohol, benzene, carbon tetra-chloride, dichloroethane, dichloromethane, dimethyl formamide, dimethyl sulphoxide, 1,4-dioxane, ethanol, ethyl acetate, hexane, isopropanol, methanol, triethylamine, water, 1N HCl and 1N NaOH ( Table 1) . For all the absorbance of the resulting solutions was measured at λ max of 260 nm against blank experiments treated similarly. The data showed in Table 1 was revealed that the maximum absorption and constant smooth peaks were observed with some of the selected organic solvents such as ethanol and methanol as well as water and 1N HCl. The absorbance intensity was decreased significantly with acetone, acetonitrile, amyl alcohol, benzene, dichloroethane, dichloromethane, dimethyl formamide, dimethyl sulphoxide, 1,4-dioxane, ethyl acetate, hexane, isopropanol and 1N NaOH. On the other hand by dilution with acetic anhydride, carbon tetra-chloride, and triethylamine no absorbance was detected for SOF. Therefore, water as a plentiful and green solvent was selected as diluting solvent before the spectrometric measurements for the next experiments, Fig. 2 and Fig. 3 . The measurements was directly achieved after dilution at room temperature (25 ± 5 O C ) and the absorbance values of the resulted solution remained stable for more than one hour after dilution with distilled water.
Assay performance Calibration curves and sensitivity
The calibration curve was linear over the concentration range of 5 -100 μg/mL of SOF simulated tablets, Fig.4 . The linearity were assessed by preparing and analyzing of seven concentration points of SOF after extracted from these at 5, 10, 20, 40, 60, 80, and 100 µg/mL, triplicate measurements for each concentration were performed. The regression equations obtained by least squared was Y = 0.0157X + 0.039, where Y represents the SOF 5 µg/mL SOF 40 µg/mL SOF 100 µg/mL absorbance intensity response and X is the analyte concentration, µg/mL. The limit of detection (LOD) and limit of quantification (LOQ) were calculated according to the following equations of LOD = 3.3 S a /b and LOQ = 10 S a /b where S a is the standard deviation of the blank and b is the slope of the regression line. LOD and LOQ were found to be 1.6 and 4.8 µg/mL, respectively. Molar absorptivity (ε, L/mol × cm) was determined within the entire linearity range. Moreover the Sandell's sensitivity (Ss) is calculated by using the formula of Ss = ε × X, µg/mL. Further quantitative parameters of such analysis are summarized in Table  2 .
Fig 4 Calibration curve of SOF after extracted from the simulated tablets. 
Validation of the developed method
The method was validated in compliance with ICH guidelines (2005) . The following parameters were investigated for the validation of the developed method:
Precision and accuracy
The precision and accuracy of the proposed method were evaluated for intra-and inter-day variability. Five standard solution replicates at three different concentrations levels of the QC reference samples (5, 40, and 100 µg/mL) within same day and over five consecutive days were studied. The precision was expressed as a percentage of relative standard deviation (RSD%) while the accuracy expressed as the relative error (RE%). The RSD% values were ≤ 1.80% and ≤ 2.0% for intra-day and interdays. The RE% was observed within 0.66 and 2.0% for intra-and inter-days respectively. These results indicate that the present method was accurate, reliable and has repeatability for the quantitative analysis of SOF in tablets, The recovery studies were performed using standard addition method for further study of the accuracy and precision of the proposed method. This study was performed by adding known amounts of standard solution of SOF as a percent (50, 100, and 150% to the known concentration) to two concentration levels of the QC samples (5 and 40 µg/mL). Each sample was subsequently analyzed for the total SOF content and the mean analytical recovery was expressed as the ratio between SOF concentrations found of the added amount to the nominated concentrations, expressed as recovery %. The mean quantitative recovery of such studieswere found to be in the range 97.99 ± 0.32 to 99.69 ± 0.15 with RSD ≤ 2.0%. These levels of accuracy and precisionobtained indicate suitability of the developed method for the quality control analysis of the SOF in its tabletsformulation, Table 4 . 
Analysis of simulated tablets preparation and content uniformity
A simulated SOF tablet sample was prepared and then analyzed for its SOF content at three different concentrations levels of the QC samples after extraction with chloroform. The recovery % was calculated by comparing the absorbance of extracted samples to that of the pure analyte at the same concentration, Table 5 . In addition the content uniformity of 10 tablets were also calculated (2009), Table 6 . In both cases satisfactory results were obtained, where both precision and accuracy data obtained were within the limits allowed by ICH guidelines. Interferences and matrix effect In order to evaluate the matrix effect (ME) from other tablets excipient on the determination of the SOF, simulated blank tablets were extracted and spiked with the concentration levels QC samples (5, 40, and 100 μg/mL). These samples were determined together with pure standard containing no matrix components. ME was calculated as absorbance intensities ratio in the presence of matrix (A) divided by the mean of the absorbance in the absence of matrix (B). Potential interference by additives and excipients present in tablets formulation was eliminated by chloroform extraction prior to analysis. The mean recoveries of spiked SOF from its blank tablet were ranged from 99.10 ± 0.01 to 99.05 ± 0.07 and were similar for all analyte concentrations at the level of QC samples without significant concentration dependence, Table  7 . The RSD% was lower than 2%, in all cases studied, indicating no significant matrix effect after chloroform extraction. Degradation and selectivity study From chemical point of view the cited drug is considered as phosphate and ester derivative. Therefore, theoretically the hydrolysis these groups can be considered the best and easier way to prepare degraded sample. Hydrolysis of esters is usually catalysed by either acid or base in elevated temperature. Thus the reaction was carried out in presence of 1N HCl or 1N NaOH. The results obtained after studying the degradation of authentic sample of the studied drug placed in a preheated thermostatically water bath at 90 O C at different time interval (10, 20, 30, 40, 50 and 60 min) . The data were summarized in Fig.5 .
Fortunately, the UVspectra at 260 nm revealed that no significantly decrease in absorption spectra was observed in either 1N HCl nor 1N NaOH after heating for 1 hour at 90 O C in a thermostatically water bath, indicated the suitability of the proposed method for determination of the cited drug even at the drastic condition and whatever the possibility of the presence of the degraded. The ICH and USP guidelines recommend the evaluation of robustness of the proposed method during the development phase by testing the method parameters susceptibility to changes. This study was done by changing the parameter (s) under study while the other parameter (s) remained constant. In our case the involved parameter studied was room temperature (25 ± 5 O C). The observed results compared to control experiments for the studied drug proved that there are no significance differences between the control (s) and those experiments carried out after variation of the room temperature over the range specified. Thus the results of such study proved the capacity of the proposed method to remain unaffected by small and deliberate variations in ambient temperature.
Robustness of the proposed method
CONCLUSION
A new, simple and rapid UV-spectrometric method for determination sofosbuvir has been developed and validated. The developed method has cost-effective and shorter total running time as a first method for determination of SOF in its tablets formulation. The method was found to be precise, accurate and the results obtained are within the recommended limits allowed by ICH guidelines. Whatever, the present method could be successfully applied to the analysis of SOF in its tablets formulation for routine and quality-control analysis.
